Abstract -In this work we propose to look at the process of evaluation and selection of technologies. Building on evaluation models that assume stages and decision moments, we propose a complement to those models by suggesting specific methodologies, tools and criteria that seem to be appropriate for each specific stage. The research was based on a structured inquiry on the evaluation practices of thirty three firms from different sectors. One of the main results was the realization that the criteria, tools and methodologies that are adopted by firms are not uniform throughout the process of evaluation and adoption of the technologies. It depends on the stage of the process. Accordingly, we propose a division of the process in specified stages and we identify which criteria, tools and methodologies firms' values most at each one * .
I. INTRODUCTION
Research on the process of evaluation and selection of technologies has suggested many approaches. However, many models seem to be based on financial analysis, and many of the suggested models seem to rely on a relatively narrow set of methodologies and criteria. In this research, there was an effort to identify whether this perspective is effectively followed by firms. The literature is not conclusive on this matter. Apparently, the models used by firms in their evaluation processes differ according to the type of technology that is under scrutiny. For instance, the evaluation of manufacturing technologies or information technologies seems indeed to be essentially based on financial models [1] , but portfolio evaluation includes market, technological, strategic and economic criteria. Many firms do not apply any rigorous or systematic methodology, due to the absence of knowledge on evaluation methodologies, or difficulties or high costs in assessing them [2] . Systematic processes, which assume several steps and decision moments during the course of evaluation, seem to conduct firms to higher performances [3] . In this research, and building on the literature, the evaluation process is also assumed to be divided in stages. However, and adding to the literature, there is an identification, for each stage, of specific techniques, methodologies and criteria. The stages assume a decrease in the perception of the uncertainty associated with technology. Thus, the methodologies employed are more * This research was funded by FCT-Fundação para a Ciência e Tecnologia, under the project "PEst-OE/EME/UI0252/2011" qualitative and subjective in the first stages and become progressively more quantitative and objective. The paper aims to present a more integrated perspective on the issue, backed by relevant empirical data. The main research questions are: what are the main tools, methodologies, criteria, and relative weights with which firm evaluate their investment in new technologies? Which tools, methodologies, criteria are used in each stage of the evaluation process?
II. CONCEPTUAL FRAMEWORK
As a result of competitive challenges and the rapid growth of scientific knowledge, companies are urged to seek new ways of implementing and acquiring technology [4] . Technology evaluation is a fundamental aspect in the process of decision making, and this term is often used in the literature, in a way that leads to confusion and imprecision, to identify the whole process of evaluation, selection and adoption [5] . This importance is reflected in the interest shown by many researchers in this area, who have already identified many methodologies and critical aspects of this process [6] . Most approaches suggest that most evaluation methods used are essentially quantitative and derive from traditional financial evaluation techniques such as NPV [7, 8, 9] , Payback Period [9, 10, 11] , ROI [1, 11] , DCF [11, 12, 13] , among others. However, the evaluation of new ideas and business concepts is a challenge for companies, especially in its early stages of development where there is not a tangible commercial product [14] . Traditional financial techniques do not include non-quantitative factors (intangibles, both in terms of benefits, or in terms of costs or risks) that may have great importance in terms of evaluation and adoption [15] . This makes it difficult to establish an objective system for evaluating intangible results, since it is not possible to design and apply appropriate quantitative indicators [16] . Small firms say that a major barrier to implementation of an innovative idea is the lack of an appropriate valuation technique and, very often, they are guided by intuition and experience [17] . Thus, it assumes significant importance the establishment of appropriate metrics for evaluating investments in new technologies [18] , according to the nature of the technology and its level of maturity. The evaluation process allows us to formulate an opinion about what are the best options for technology investment. However, because of trade offs and anticipation of the consequences of decisions, this optimizing perspective is not always feasible [19] . 
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III. METHODOLOGY
The data on which this study relies consists of primary data collected from the Portuguese business sector. The research was based on a quantitative approach and on an intentional non-probabilistic sampling strategy. Data was obtained through an online quantitative structured questionnaire sent to 200 firms. Some interviews with selected firms were also realized, in order to substantiate or consolidate some of the data that was obtained. The extent and depth of the questionnaire limited the number of responses. We received thirty three answers (a response rate of 16.5%) and the sample includes micro, small, medium and large firms. A proportion of the sample includes conglomerates, and in fact, the sample represents approximately one hundred and twenty two firms. The sample is composed of five microenterprises, six small companies, twelve medium companies and ten large companies. Although it is a non-probabilistic sample, its scope and creditworthiness is important, since, according to official R&D statistics, it represents 22.34% of total Portuguese investment in business R&D [20] .
IV. TECHNOLOGY EVALUATION
In this section the analysis of the results highlight some important factors that have not been properly addressed in the literature. We assume that the process of technology evaluation and selection is divided in stages, similarly to the main literature on the subject, but, unlike this one, we find that the techniques, tools and decision criteria associated with each stage is different, and it varies accordingly.
As mentioned in the review section above, most approaches assume that the most widely used methods are quantitative and derive from traditional financial evaluation techniques. Our results do not support that view. Although quantitative techniques are used, they are used only in some stages of the process, as a determinant decision tool.
We identified five stages in the evaluation process, which are: the idea generation stage (a stage where several ideas are generated but not formally evaluated), the screening stage (a stage involving a preliminary assessment of the most promising ideas generated in the previous stage), the idea evaluation stage (a stage involving the collection of hard data on the selected ideas coming from previous the stage), the feasibility stage (a stage involving the consolidation of the idea concept and the evaluation of functional, operational and financial aspects) and the opportunity stage (a stage involving thorough financial and project evaluation). In the following tables, we present the tools and methodologies used in the first three stages, and then a table presenting the differential evaluation criteria that firms attribute to each stage, supporting our argument that tools, methodologies and criteria are not indiscriminately used throughout the evaluation and selection process.
As mentioned before, only the five most valued and the five least valued factors are indicated in the tables. For each table and question there were many more factors that were asked to the respondents. Table I presents the results of the questionnaire regarding the tools and techniques used in the stage of idea generation.
The main tools and techniques used by firms in the stage of idea generation are the meetings. Another main tool and technique is brainstorming. Checklists are also widely used tools in this stage. The results regarding the evaluation methods used in the next stage, the screening stage, are quite different from those used in the previous stage, and the results are shown in Table II .
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The main evaluation methods used in the screening stage are the experience, opinion and advice from companies and collaborative networks, and intuition. The least used are methodologies that are quite systematic and that involve a considerable amount of quantitative considerations. The degree of subjectivity involved in this stage is somewhat surprising, and it is not very often referred to in the literature, since at this stage it would be expected that the collection and analysis of some hard numbers would have a greater weight in terms of decision making. In fact, the importance of quantitative methods will only become visible in the next stage, and particularly, in the last stages of the evaluation process. Table III presents the results regarding the evaluation methods used in the idea evaluation stage.
The main evaluation methods used in the idea evaluation stage are experience, competitive advantage and business goals. Curiously, subjective criteria (experience) still seems to dominates the picture, although more structured and quantitative methods acquire a substantial weight. Notice that the methods and the tools that are used in this stage are also quite different from those used in the previous stages, reflecting the different decision criteria that are used in the different stages. The decision criteria become gradually less subjective and more quantitative. The next section highlights this "evolution" in the process of decision making of firms, and it will include the final stages of the process.
V. WEIGHING THE DIFFERENT DIMENSIONS AND CRITERIA USED IN THE EVALUATION PROCESS ACCORDING TO THE SPECIFIC STAGE OF DEVELOPMENT
During the above presentation, discussion and analysis of the results, it became clear the validity of the assumption that evaluation and selection methodologies, tools and criteria are not uniform along the evaluation process.
In Table IV , in which all identified stages of the evaluation process are included (the first and the second are subsumed under only one stage), we emphasize the decision criteria that are used in each stage, presenting the results concerning the weighting of the different dimensions and criteria used in the evaluation process, according to the specific stage of development. The table summarizes the main results of this study, supporting our argument for the existence of a differential approach in terms of the tools, methodologies and decision criteria that are determinant in each stage. The data was obtained in the following way: respondents were asked to weight, in a scale that ranged from 0 to 1000, the relative importance of each dimension, in each stage of the evaluation process. Responses to all dimensions were required, and the sum of the weights equalled, necessarily, 1000.
On the screening and idea evaluation stages, the main dimension is the market, followed by the technology and by a subjectivity factor. On the feasibility stage, it is the economic/financial dimension, and on the opportunity stage, the main dimension is the financial analysis.
We realize that, not only are the tools and methodologies different, so is the nature of the criteria that underlies the use of those tools. In the early stages, subjectivity and qualitative approaches dominate the decision process, whereas structured and quantitative approaches are gradually superimposed or determine later stages. This is also true in the last stages, which we now present along with the ones that have already been discussed.
The main point here is that the evaluation process is a complex one that involves several stages, whose characteristics imply the adoption of different decision criteria supported by different tools and methodologies. In the first stages of the process, the stages that deal with idea generation and screening, qualitative and subjective criteria dominate the process. This is explained by the fact that there are not definite or consolidated concepts that can be conducive to qualitative analysis or to structured processes of evaluation, generally based on a quantitative approach. There is not yet a "dominant design", to make an analogy with the Abernathy/Utterback model [21] , or a well defined concept, and as such there is no sure way to collect data or to rely on specific patterns of data. The technology that is being evaluated, is presumably of a new vintage, or it possesses characteristics that may not be totally familiar to the evaluator, so there may not be recorded or familiar references on which to rely a sound assessment. Of course, this may vary with the incremental or radical nature of the technology. Qualitative assessments, experience and intuition become relevant factors on these stages. In later stages, as the product concept is consolidated, and the requisites for data collection become much more established, quantitative assessments take over, eventually dominating the later stages, whereby uncertainty is reduced and information retrieval is maximized.
VI. CONCLUSION
One of the main results of this research was the realization that the criteria, tools and methodologies that are adopted by firms are not uniform throughout the process of evaluation and adoption of the technologies. It depends on the stage of the process. Accordingly, we propose a division of the process in specified stages and we identify which criteria, tools and methodologies firms' values most at each one.
The identification of which criteria, and consequently, which tools and techniques are to be used in each stage of the process has important implications on the redefinition of current practices of technology evaluation, since the models presented in the literature do not refer explicitly to the differential application of criteria, tools and techniques depending on the time of the evaluation process. Current practices may benefit from this perspective, in the sense that specific criteria, and adequate tools and technique, are much more easily identified and adequately applied to the respective stage of the evaluation process. Practices that may tend to apply criteria that is not adequate at a certain stage (for instance, financial criteria at an early stage) and that lead to errors and decisions that are not properly sustained, will be avoided.
Further research on this issue will imply a proposal of a scoring model to accompany the division of specific process steps, identifying and considering the criteria for analysis of the potential of ideas appropriate to each stage. Within this proposal, the main distinguishing feature is the introduction of a variable on subjectivity in the analysis of innovative ideas, which, according to the results obtained in this research, is a methodology (including experience) often used in the selection of business opportunities makers in a context of uncertainty, especially in the early stages of development.
